Abstract | Bovine herpesvirus-1 (BHV-1) causes infectious bovine rhinotracheitis (IBR) and infectious pustular vulvovaginitis / balanoposthitis (IPV/IPB) in cattle and buffaloes. BHV-1 is closely related to bovine herpesvirus-5 (BHV-5), which has been recovered from both genital and respiratory tracts of cattle and buffaloes. Perusal of literature reveals paucity of information on genetic characteristics of BHV subtypes circulating in India. In the present study, 25 isolates originated from five different states of India viz. Gujarat, Uttar Pradesh, Maharashtra, Karantaka and Andhra Pradesh, during the period 1983-2010, were genetically characterized by restriction endonuclease analysis (REA) and partial sequencing of unique long (UL27, UL44) and unique short regions (US1.67) of the viral genome. The REA patterns (Hind III) of these isolates indicated that they were indistinguishable from BHV-1.1 subtype. The phylogenetic analysis based on nucleotide sequences of the unique long (UL) and unique short (US) regions revealed the high sequence homology (>99%) within the isolates and their close relatedness to the BHV-1.1 subtype. The present study established the prevalence of BHV-1.1 as the predominant circulating subtype of BHV in India. The current study also confirmed that the genomic fingerprinting based on HindIII cleavage, direct sequencing of gC (UL44) and gB (UL27) gene-derived PCR amplicons were useful tools for genetic characterization of BHV strains.
INTRODUCTION

B
ovine herpesvirus-1 (BHV-1) causes Infectious Bovine Rhinotracheitis (IBR) and Infectious Pustular Vulvovaginitis/Balanoposthitis (IPV/IPB) in cattle and buffaloes. BHV-1 is a double stranded DNA virus of the genus Varicellovirus, subfamily Alphaherpesvirinae and family Herpesviridae. The disease causes high morbidity and low mortality and has been associated with a spectrum of other clinical manifestations such as encephalitis, conjunctivitis, enteritis, abortions and reduction in milk yield (Gibbs and Rweyemamu 1977; Hage et al., 1998; Nandi et al., 2009) . Three different genotypes of BHV-1 (BHV-1.1, BHV-1.2a and BHV-1.2b) had been reported so far based on the genomic characteristics and antigenic properties of the virus (Metzler et al., 1985; D'Arce et al., 2002; Souza et al., 2002; Muylkens et al., 2007) . A closely related virus, Bovine herpesvirus-5 (BHV-5), was also occasionally been recovered from both genital and respiratory tracts of cattle and the BHV-5 infection causes bovine encephalitis or meningoencephalitis in cattle and buffaloes (Bratanich et al., 1991; Mahony, 2010) . Recent reports confirm the occasional association of BHV-1 with encephalitis (Roels et al., 2000) . However, the mortality rate in younger calves due to BHV-5 infection is far higher (~100 %) than the mortality due to BHV-1 infection (Studdert, 1989) . Genomes of BHV-1 and BHV-5 share high sequence homology (~85%) and these viruses display extensive serological cross-reactivity in most of the serological tests employed (Roehe et al., 1997; Campos et al., 2009 ).
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Subsequent to the report of BHV-1 in Indian cattle during1976 (Mehrotra et al., 1976) , several authors reported varying sero-prevalence rates ranging from 50.9 to 60.46% and 75 to 81.0% in Indian cattle and buffalo population, respectively (Renukaradhya et al., 1996; Renukaradhya et al., 2002; Malmurugan et al., 2004; Trangadia et al., 2010) . More than 45 percent of apparently healthy breeding bulls were found to be seropositive for IBR/IPV and 20 per cent of IBR/IPV seropositive bulls showed intermittent shedding of virus in semen (Deka et al., 2005; Rana et al., 2011) . Isolation of BHV-1 from Indian cattle was reported earlier, albeit with a very few virus isolates (Mehrotra et al., 1976; Chandranaik et al., 2010; Saha et al., 2010; Ravishankar et al., 2012) . Prevalent BHV-1 types and subtypes can only be identified based on the established methods of genetic characterisation (Metzler et al., 1985; D'Acre et al., 2002) and prevalence of BHV-5 can also be ruled out/ established by these methods. In the present study, genetic characterisation of the Indian isolates of BHV, which were obtained from various geographical regions of India during 1983-2010, was performed by restriction endonuclease fingerprinting of the whole viral genome and partial nucleotide sequence analysis.
MATERIALS AND METHODS
ceLLS aNd SemeN SampLeS
Monolayers of Madin-Darby bovine kidney cells (MDBK) for virus isolation were obtained from cell culture laboratory, R&D, National Dairy Development Board, India. Extended frozen semen of cattle and buffalo were procured from various semen banks in India.
ViruS iSoLatioN iN ceLL cuLture
Virus isolation was carried out from extended frozen semen / genital and nasal swabs collected from IBR seropositive cattle as per the procedure of OIE manual (2010). Briefly, 1ml of extended semen was diluted with foetal bovine sera (Hyclone-FBS, New Zealand), inoculated onto MDBK cell monolayer and incubated at 37ºC. The monolayer was observed periodically under a microscope for the appearance of cytopathic effect (CPE) until day seven post inoculation and three such consecutive passages were carried out. The BHV-1 isolates were further confirmed by virus neutralization test (VNT) and PCR. The virus neutralization test was performed using BHV-1 positive serum following the procedure described in the OIE manual (OIE manual, 2010) . Total DNA was extracted from the tissue culture supernatant using a QIAamp DNA Blood mini kit (Qiagen, Germany) and the DNA were subjected to PCR using gB gene and gE gene specific primers and the details of primers were depicted in Table 1 ( Abril et al., 2004; Monika et al., 1999) . PCR was carried out in a total of 50µl reaction volume containing: Taq PCR buffer with 1.5mM MgCl 2 , 0.2mM of dNTPs each, 30pM (0.6 µM) of each primer, 1.5 units of Taq DNA polymerase enzyme (Qiagen, Germany ), 1X Q-solution (Qiagen, Germany) and 50ng of the DNA sample.
ViruS purificatioN aNd dNa extractioN
MDBK cell monolayer was infected with the virus isolates for amplification. The virus infected cells were incubated at 37ºC until 90% CPE was observed and the cell culture supernatant was used for virus purification. The cell debris was removed from the culture supernatant by centrifugation at 3000 g for 15 minutes and the virus was pelleted by centrifuging the clarified culture supernatant at 53,000g using P28S2 rotor for 2.5 hours in a Hitachi preparative ultracentrifuge. The pellet was resuspended in 500µl Tris-NaCl EDTA buffer (0.1M NaCl, 10mM Tris-HCL, 1mM EDTA; pH 8.0). The virus was purified using sucrose density gradient centrifugation. The resuspended virus pellet was layered over a step gradient with 30%, 40% and 60% sucrose and centrifuged at 120,000g for 2.5hrs in a Beckman preparative ultracentrifuge using SW40Ti swing out rotor. The purified virus was collected from the interface of 40% and 60% sucrose. DNA was extracted from the purified virus suspension using a QIAamp DNA Blood mini kit (Qiagen, Germany) as per manufacturer's instruction. DNA concentration was determined using BioPhotometer (Eppendorf, Germany). The purity and integrity of the extracted DNA was checked by electrophoresis in 0.6% agarose gel.
reStrictioN eNzyme (re) aNaLySiS
The viral DNA was digested using restriction enzymes HindIII according to the manufacturer's instructions (New England Biolabs Inc., USA). The digestion reaction was performed in a 30µl volume consisting of 1x reaction buffer, 3µg purified viral DNA and 100 units of HindIII at 37°C for 16 hrs. The digested products were resolved in a 0.6% agarose gel which was run using 1x Tris borate EDTA buffer (89mM boric acid, 2mM EDTA, 89mM Tris-HCL; pH 8.0) at 30V for 20 hours. HindIII-digested lambda phage DNA was used as a molecular weight marker. Similarly the viral DNA was digested with BstEII, so as to attain the REA profile of the viral genomes. Based on the electrophoretic profile, all the isolates were classified according to the system proposed by Metzler et al. (1985) . ). The raw data were collected using data collection software v3. 0 and nucleotide sequences were analyzed using sequencing analysis software v5.2. Accuracy of the DNA sequences was checked using SeqScape ® v2.5 (Applied Biosystems) and GeneDoc (Nicholas et al., 1997) .
Apart from the sequences of the twenty five isolates of the present study (Table 2) , sequences of representative bovine herpesvirus isolates and related herpesvirus were retrieved from GenBank and were included in the phylogenetic analysis (Table 3 ). The sequences were aligned using ClustalW in MEGA version 6.06 (Tamura et al., 2013) . Following multiple alignment for these sequenced regions, the Bayesian Information Criterion (BIC), maximum likelihood values and Akaike Information Criterion corrected (AICc) scores were also determined for the maximum likelihood fits based on the data specific model to generate the phylogenetic tree for US 1.67, UL27 and UL44. The ML tree topology was evaluated using both neighbour-joining (NJ) and ML methods with 1,000 and 500 bootstrap replicates respectively. Details of all the sequences, which were used in the study, were provided in Table 2 . The nucleotide sequences of regions targeted in the present study were compared with the corresponding sequences of BHV-1 and BHV-5 retrieved from GenBank.
eVoLutioNary aNaLySiS
Evolutionary analysis was performed using BEAST program (BEAST software package, v1. for the partial gB gene sequences (Table 3) . Bayesian maximum clade credibility phylogenetic tree with Bayesian Markov Chain Monte Carlo (MCMC) analysis was created. The input data for the Beast analysis was obtained using BEAUti software v1.8.0 and year of the virus isolation was tip dated. The GTR+I+G nucleotide substitution model was determined as the best fit based on the Akaike Information Criterion (AIC) scores and an uncorrelated lognormal relaxed clock model was chosen. The MCMC chains were run for a chain length of 2 x10 8 and sampled at every thousand generations. The nucleotide substitution rate (substitutions/site/year) and the time to Most Recent Common Ancestor (tMRCA) values were obtained from the Tracer, v1.5. The posterior tree distributions were summarized using Tree Annotator with the exclusion of the initial ten percent of trees and visualised in FigTree v1.3.1. 
NE US
Academic Publishers
Advances in Animal and
RESULTS
ViruS iSoLatioN iN ceLL cuLture
Monolayers of MDBK cells were inoculated with semen samples or genital/nasal swab samples for isolation of the virus (OIE Manual, 2008) . In 25 cell monolayers to which samples were added, microscopic examination revealed the presence of grape-like clustered and rounded call. Presence of giant cells is considered as characteristic cytopathic effect of BHV infection in cell culture. However, the numbers of days for CPE differed for each sample. Nine samples showed characteristic CPE in the first passage after 4 days to 5 days of inoculation. Whereas in similar effect was observed (16 samples) after 24 hours (1 day) in the second passage. Presence of CPE in any of the three passages was considered as positive for virus isolation. A total of 183fro-zen semen samples, 50 genital swabs, 25 nasal swabs were processed for virus isolation and CPE was observed in 21, 3 and 1 samples, respectively (Table 2) .
ViruS NeutraLiSatioN teSt (VNt) aNd pcr
Virus neutralization test (VNT) and PCR were used to confirm the identity of all the 25 isolates which showed CPE in cell culture. Those samples, which showed more than two log reduction in virus infectivity in the presence of known positive serum, were considered as VNT positive. All the 25 isolates turned positive for VNT. PCR using gB and gE gene specific primers produced PCR amplicons of 97 bp and 265 bp sizes, respectively. The VNT and PCR results confirmed the cytopathogenic agent as bovine herpesvirus. 
reStrictioN eNzyme (re) aNaLySiS
Genomic DNA was extracted from sucrose density gradient purified virus isolates. The viral DNA was subjected to RE using HindIII and BstEII restriction enzymes separately. The electrophoretic profiles of the HindIII digested viral DNA were similar for all the virus isolates which originated from Gujarat, Uttar Pradesh, Maharashtra and Andhra Pradesh (Figure 1 ). The RE pattern of these isolates were compared with that of patterns of BHV-1.1, BHV1.2 and BHV-5 (Meltzer et al., 1985) and the RE profiles of the Indian isolates had a close similarity with the BHV-1.1 subtype. RE profile of BstEII displayed some heterogeneity among the Indian isolates. Few of the isolates (UPR 40/07, GUK 57/07 and GUK 145/07) showed an additional band at 2.5Kb; all isolates from Uttar Pradesh and Gujarat displayed two distinct bands in the 4.0 Kb to 9.4Kb region; isolates from Maharashtra showed only one band in this region (data not shown). Though, there were some variation between the isolates in the REA profile of BstEII, the electrophoretic profile of these isolates was distinctly different from the REA pattern of BHV-5. partiaL NucLeotide SequeNciNg aNd phyLogeNetic aNaLySiS SequeNciNg aNd SequeNce homoLogy Partial sequences of US1.67, UL27 (gB gene) and UL44 (gC gene) of all the 25 Indian isolates were generated by cycle sequencing. Partial sequences with the read lengths of 304bp (US1.67), 624bp (UL27) and 454bp (UL44), were used for sequence analysis. These sequences were compared with the corresponding sequences of GenBank (Table 2). Nucleotide sequences of these Indian viruses were (Table 2 and Table  3 ).
Partial US1.67 sequences of the present study exhibited 99.01 to 99.34 % similarity among them and the sequence identity was ~99.34 with the available BHV-1.1 (BHV-1.1 Cooper and Jura 1.1), followed by 98.99% homology with BHV-1.2 (ST Strain). Similarly, the partial UL27 sequences showed 100% homology with many published BHV-1.1 sequences. Variable levels of identity were recorded with BHV-1.2 strains (~99.66%), BHV-5 (~95.14 -95.31%), BuHV-1(~95.64), CHV-1 and 2 strains (94.29%) and CpHV-1(~87.44). The partial UL44 sequences of the Indian isolates showed high similarity with BHV-1.1 (99.11 -100.00%) followed by BHV-1.2 (98.45-99.34), BHV-5(89.6-92.48%), CvHV-1 and 2 (79.87-88.05%) and CpHV-1(78.98-79.42%). The sequence (UL44) identity among isolates of the present study was greater than 99.33%. 
phyLogeNetic aNaLySiS
Neighbour joining tree was constructed for the partial sequences of UL44, UL27 and US1.67 regions (Figure 2 , Figure 3 and Figure 4 ). The maximum clade credibility tree using the partial nucleotide sequences of gC and gB gene showed similar topology of clustering for BHV-1, BHV-5 and other related herpesvirus as described earlier (Esteves et al., 2008) (Figure 2 and Figure 3 ). The isolates of the present study were found clustering along with reference BHV-1 strains in all the three Phylogenetic trees. These isolates formed a distinctly separate lineage in the NJ trees compared to BHV-5 and other related alphaherpesvirus (CvHV-1, CpHV-1, BuHV-1, CHV-1 and RHV-1) (Figure 2 and Figure 3 ). These results clearly indicate that the Indian BHV belongs to BHV-1 group and there is no evidence for the presence of BHV-5. In the partial gC and gB gene sequence based NJ trees, the isolates of the present study and the BHV-1.1 reference isolates were in a distinct cluster compared to BHV-1.2 subtype isolates.
The maximum clade credibility tree was drawn using BEAST program for the partial gB gene sequences (Figure 5) . General topology of the evolutionary tree was similar to the partial gB gene sequence based NJ tree. Our inferred substitution rate for the partial gB gene sequences ). There was not any distinct evolutionary pattern for the Indian isolates of BHV 1 ( Figure 5 ). It was also evident that the sub types of BHV 1 (BHV 1.1 and BHV 1.2) were evolving independent of each other from a common ancestor.
DISCUSSION
Bovine herpesvirus causes respiratory, genital diseases and encephalitis in cattle with high morbidity and low mortality rates (Roels et al., 2000) . The major mode of transmission in cattle and buffalo may occur through natural service or artificial insemination with infected semen (Van et al., 1995) . In India, sero-epidemiological survey revealed 39.2 per cent of the cattle and buffaloes in organized herds were serologically positive for BHV (Nandi et al., 2010) while Trangadia et al. (2010) reported the BHV incidence as high as 60.84% in organized herds.
After an acute infection, the bovine herpesvirus enters sensory ganglia and establishes latency. The infected animal may become a carrier. Carrier animals tend to shed the virus intermittently (particularly under stress conditions) in nasal, ocular, vaginal secretions and in semen. It has been reported that approximately 20 percent of seropositive bulls shed virus intermittently in semen and ~2.2 percent of semen batches turned positive for BHV-1 (Rana et al., 2011) . The increasing sero-prevalence, lack of IBR control programme and the presence of virus in semen are the foremost concerns in the Indian dairy industry as this disease is likely to have high economic impact. Though, the sero-prevalence of BHV has been reported in India more than a decade ago (Renukaradhya et al., 1996; Trangadia et al., 2010; Trangadia et al., 2012) , reports on virus isolation and characterisation were scanty (Chandranaik et al., 2010; Saha et al., 2010; Ravishankar et al., 2012) . The information on the prevalent types and subtypes of BHV in India is also lacking.
In the present study, bovine herpesvirus was isolated from extended frozen semen, genital and nasal swab samples collected from cattle and buffaloes using MDBK mon- virus isolates were obtained from the above specimens and 21, 3 and 1of those isolates were from frozen semen, genital and nasal swabs, respectively.
All these 25 isolates were typed according to the HindIII endonuclease digestion pattern as shown by Metzler et al., (1985) . The size and pattern of HindIII fragments of all isolates in the present study were similar to the characteristics RE pattern of BHV-1.1 viral genomes (Metzler et al., 1985) .The BstEII RE profiles of these isolates were distinctly different from that of BHV-5 (Metzler et al., 1985) . On the basis of the results obtained in the current study, the Indian isolates could be classified as BHV-1.1 subtype. In India, the isolation of BHV-1.1 subtype from respiratory infection was also reported by Gupta et al. (1993) and Sreenivasa et al. (1996) . Although, a recent investigation states the isolation of BHV-1.2 subtype from a nasal swab of cattle in India (Saha et al., 2010) , none of the isolates of the present study could be classified as BHV-1.2.
Partial nucleotide sequence analysis of US1.67, UL27 and UL44 regions was performed to understand the genetic relatedness of the isolates with other strains circulating in the remaining parts of the world. The outcome of all the phylogenetic analysis is nearly the same and the analysis showed consistent grouping of Indian isolates along with bovine herpesvirus type 1.1 (BHV-1.1). BHV-1 and BHV-5 were clearly separated and grouped into different clusters in phylogenetic tree which was drawn based on partial nucleotide sequences of UL27 and UL44. The grouping of viruses according to their subtypes in Phylogenetic analysis based on the nucleotide sequencing of carboxy terminal of gC (UL44) were in harmony with findings of Esteves et al. (2008) . However, a larger number of sequences from BHV-1.2 isolates are to be studied to ascertain whether the C-terminal partial gC gene based phylogenetic tree can be used to distinguish the BHV-1 subtypes.
Topology of partial gB gene sequence based evolutionary tree was similar to the one based on NJ tree. We could not identify any evolutionary lineage for the Indian isolates of BHV though IBR is a recently reported disease of Indian cattle. The BHV 1.1 and 1.2 sub-types were evolving independently of each other and might have got a common ancestor during the evolution.
The REA patterns of all Indian isolates (1983 to 2010) and phylogenetic analysis based on conserved unique short and unique long regions demonstrated that BHV 1.1 is the common subtype in India and this finding is also supported by results of Gupta et al. (1993) and Sreenivasa et al. (1996) . None of the Indian isolates of the present study closely related to BHV-5 which was not reported in India so far. Further analysis of many isolates from various parts of India will establish the presence or absence of BHV-5.It is essential to establish the types and subtypes of circulating strains of bovine herpesviruses in India for formulating suitable control strategies and for the implementation of a suitable vaccination program.
In conclusion, the findings of the current study showed that genomic fingerprinting based on endonuclease HindIII cleavage, direct sequencing of partial gB and gC genes appear to be useful tools for genetic characterization of BHV strains. Phylogenetic analysis indicated the prevalence of BHV-1.1 types in India and the absence of BHV-5. The present study establishes the presence of BHV type which is responsible for abortion and other production losses in dairy industry in India. Therefore, an effective surveillance program is required for planning an appropriate control programme in India.
